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T  O 

Dr.  CHETNE,Scc, 

SIR, 

NO  WING  you  to  be  a 
Perfon  of  Candour  and 
Judgment,  and  through¬ 
ly  acquainted  with  Phi- 
lofophical  Subjects,  I  take  the  Li¬ 
berty  to  fend  you  this  Paper,  which 

A  z  contains 
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contains  an  Account  of  the  Motion 
of  Water  through  Orifices  and  Pipes, 
and  a  Vindication  of  my  Treatife  of 
the  Animal  Oeconomy  from  certain 
Objections  offered  againft  it  by  Dr. 
Morgan ,  in  his  iate  Book,  intitied. 
The  mechanical  Pra&ice  of  Phyfick. 

Proposition  i. 

T/  ACDBfefj  cylindrical  Veffel 
filled  with  IVater ,  A  B  its  upper 
Orifice ,  C  D  its  Bottom  parallel  to  the 
Horizon y  E  F  a  circular  Hole  in  the 
middle  of  the  Bottom,  G  H  the  Axis 


[  J  ] 

vy  Body  mufi  defcend  in  vacuo  to  ac¬ 
quire  a  Velocity  equal  to  the  Veloci¬ 
ty  of  the  Water  in  the  Surface  A  B  • 
if  A  he  put  for  the  Area  of the  Surface 
of  the  Water  A  B,  a  for  the  Area  of 
the  Hole  E  F,  H  for  G  H  the  perpen¬ 
dicular  Height  of  the  Water  in  the 
Veffel  above  the  Hole,  V  for  the  Ve¬ 
locity  of  the  W ater  flowing  through 
the  Hole ,  and  v  for  the  Velocity  of  the 
W ater  in  the  Surface  A  B  •  and  lafl - 
ly ,  if  the  Veffel  be  fuppofed  to  be 
kept  conflantly  full ,  by  being  fupplfd 
at  the  Top  as  fafi  as  the  W> ater  runs 
out  through  the  Hole,  and  the  W< ater 
defcend  from  the  Top  of  the  Veffel  to 
the  Hole  freely  and  without  Refi- 
fiance  I  fay  that  V  will  be  equal 
to  the  Velocpy  acquired  in  falling 

in  vacuo  through  the  Space 


V2  H 


or 


A’  H 


V 


A2— a 


*  > 


or 


ig  H 


J  G — i  i-ly 


or  I G, 


For 
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For  IH  being  the  Space  through 
which  a  heavy  Body  muft  fall  m 
vacuo ,  to  acquire  a  V elocity  equal 
to  the  Velocity  of  the  Water  in  the 
Surface  A  B,  and  the  Water  being 
fuppofed  to  defcend  from  the  Sur¬ 
face  to  the  Hole  freely  and  without 
Refiftance,  I G  will  be  equal  to  the 
Space  through  which  a  heavy  Body 
muft  fall  m  vacuo  to  acquire  the  Ve¬ 
locity  of  the  W ater  in  the  Hole  E  F : 
But  the  Velocities  acquired  by  a 
Body  falling  m  vacuo  through  the 
Spaces  I G  and  I H  are  in  the  fubdu- 
plicate  Ratio  of  thole  Spaces,  on 
Suppofition  that  the  Gravity  of  the 
Body  is  the  lame  in  I  as  in  G,  as  it 
will  be  without  any  fenfible  Error  if 
the  Point  I  be  but  at  a  fmall  Di- 
ftance  from  the  Surface  of  the  Earth , 
and  the  fame  Velocities  V  and  v,  are 
alfo  as  the  Areas  A  and  a,  becaufe 
equal  Quantities  of  W ater  pals 
through  the  Surface  A  B  and  Flole 

EF 
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« 

EF  in  the  fame  Time;  and  there-1 
fore  V .  v : :  A .  a : :  vl G  .  v'IH  ,•  and 

by  Squaring,  and  Divifion  of  Pro- 

V2  A2  IG 
portion,  V,_vz  —  jo— ih~ 

IG 

-Tj,  and,  by  multiplying  by  H, 


Y!H 


A2H 


JGxH 
I G— I H 


I  GxH 


V2— v2  A2— a2  IG— IH  H 
I G :  And  therefore  V  will  be  equal  to 
the  Velocity  acquired  by  falling  in 

vacuo  through  the  Space  ,  or 

orIG.  Which 


A’H 


or 


I  GxH 


A2 — a2’  I G — I H’ 

was  to  be  proved. 


Cor.  i.  H,  the  perpendicular 
Height  of  the  Water  in  the  Velfel, 

r  r,  V2 — v2  T  ^  A2— a2 

IS  1  G  X  yj  —  I  G  X  • 


Cor.  i.  V,  the  Velocity  with 
which  the  Water  flows  through  the 

Hole, 


¥T  t  *  ,  V*H  A*H 

Hole,  is  as  /yi— or  as  ,or 

I G  x  H  /T  /"• 

as  v'jq-- j-fj,  or  as  vl  G. 

Cor.  3 .  If  a  be  •  equal  to  A,  V 
will  be  nothing.  For  when  a  is 
equal  to  A,  v  will  be  equal  to  V 
by  this  Proportion :  But  when  a=A, 
and  v=V,  H  will  be  nothing  by 
Cor.  i .  And  confequently  V  will 
be  nothing  by  Cor.  z. 

The  Truth  of  this  Corollary  will 
appear  likewife,  by  conlidering  that 
when  a  is  equal  to  A ,  I H  will  be  equal 
to  I  G,  and  the  Point  H  will  co¬ 
incide  with  the  Point  G  :  But 
when  the  Point  H  coincides  with 
the  Point  G,  the  perpendicular 
Height  of  the  W ater  in  the  Veffel 
will  be  deftroy’d,  and  when  the 
perpendicular  Height  of  the  Water 
in  the  Veffel  is  deftroy’d,  there  can 

be 
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be  no  Velocity :  And  therefore  when 
a=A,  V  will  be  nothing. 

Farther,  to  fuppofe  a  to  be  equal 
to  A,  and  conlequently  v  to  be  equal 
to  V,  will  from  the  Nature  of  Gra¬ 
vity  make  V  nothing.  For  Gravi¬ 
ty  accelerates  the  Motion  of  the 
Water  from  the  Surface  to  the  Hole, 
and  makes  the  Velocity  through  the 
Hole  greater  than  at  the  Surface, 
while  there  is  the  lead  perpendicular 
Diftance  between  them  ■>  and  there¬ 
fore  to  make  the  twoVelocities  equal, 
will  be  to  deftroy  the  perpendicular 
Height  of  the  \V ater  in  the  Veflfel  t 
But  when  the  perpendicular  Height 
of  the  Water  is  deftroy'd,  there  can 
be  no  V elocity :  And  therefore  to 
fuppofe  v  to  be  equal  to  V,  will  be 
to  make  V  nothing. 

From  all  this  it  appears,  that  the 
Velocities  v  and  V  can  never  be¬ 
come  equal,  but  in  the  Inftant  of 
their  Evanefcence  on  an  infinite  Di- 

El  minutioii 
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Diminution  of  the  perpendicular 
Height  of  the  Water  in  the  Veflel, 
and  a  confequent  Coincidence  of 
the  Points  I  and  H  with  the  Point  G. 


Cor.  4.  If  A  be  greater  than  A, 
H  will  be  negative,  and  V  will  be 
affirmative.  For  when  a  is  greater 
than  A,  A‘—  a'*  will  be  negative,  and 
confequently  H  will  be  negative  by 
Cor.  1 .  And,  when  A' — a"'  and  H  are 
both  negative,  V,  the  Velocity  with 
which  the  Water  flows  through 
the  Hole,  will  be  affirmative  by 
Cor.  2. 

A  negative  pe  rpendicular  Height 
of  the  Water  in  the  Veflel,  and  an 
affirmative  Velocity  neceffarily  re¬ 
quire  an  Inverfion  of  the  Veflel,  or 
turning  of  its  Bottom  upwards,  by 
which  Inverfion  the  Hole  will  be¬ 
come  the  upper  Orifice  and  the  up¬ 
per  Orifice  become  the  Hole,  a  will 

become 
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become  A,  and  A  will  become  a,  v 
will  become  V,  and  V  become  v, 
and  the  Velocity  will  be  affirma¬ 
tive,  that  is,  the  Water  will  move 
downwards,  as  it  ought  to  do' 
from  the  Nature  of  Gravity.  That 
an  Inverfion  of  the  V elTel  is  ne~ 
celfary,  will  appear  farther  by  the 
following  Argument.  When  a  is 
greater  than  A,  the  VelTel  will  be 
conical  with  its  wider  End  down¬ 
wards  :  But,  from  the  Nature  of  Gra¬ 
vity,  Water  poured  in  at  the  Top 
or  narrower  End  of  fitch  a  VelTel, 
will  defcend  in  a  cylindrical  Co¬ 
lumn,  which  cannot  fill  the  Bale,  as 
this  Proportion  requires :  And  there-  .  • 
fore  there  muft  be  an  Inverfion  of 
the  VelTel,  and  luch  a  Change  of 
Symbols  as  I  have  mentioned. 

Cor.  y.  If  the  Hole  be  exceeding 
final  1  in  companion  of  the  upper 
Orifice,  the  Velocity  with  which 

B  %  the 
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the  Water  flows  through  the  Hole, 
will,  without  any  fen  Able  Error,  be 
equal  to  the  Velocity  which  a  hea¬ 
vy  Body  will  acquire  in  falling  in 
vacuo  through  a  Space  equal  to  the 
perpendicular  Height  of  the  W ater 
in  theVeffel,  that  is,  V  will,  without 
any  fenfible  Error,  be  equal  to  the 
Velocity  acquired  in  falling  in  vacua 
through  a  Space  equal  to  H.  For 
when  a  is  exceeding  fmall  in  com- 
parifon  of  A,  A1— a"  will  be  very 

nearly  equal  to  Ag  and  will 

be  very  nearly  equal  to  H  :  But,  by 
this  Proportion ,  V  is  equal  to  the  Ve¬ 
locity  acquired  in  falling  in  vacuo 

c  A3H 

through  a  Space  equal  to^2— 

And  therefore  V  will  be  very  nearly 
equal  to  the  Velocity  acquired  in 
failing  in  vacuo  through  a  Soace 

\  n  ■  ^  <  JT- 

equal  to  EL 
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Cor.  6.  The  Force  which  can  ge¬ 
nerate  the  wholeMotion  of  the  Water 
flowing  out  thro’  the  Hole,  is  equal 
to  the  Weight  of  a  Cylinder  of  Wa¬ 
ter  whole  Bale  is  the  Hole,  and 
whofe  Altitude  is  twice  the  Space 
through  which  a  heavy  Body  mull 
fall  in  vacuo  to  acquire  the  Velocity 
with  which  the  Water  flows  through 
the  Hole  j  that  is,  the  Force  is  equal 
to  the  Weight  of  the  Cylinder  of 
W ater  ax  a  I  G.  For  the  Time, 
in  which  the  Water  flowing  out 
through  the  Hole  becomes  equal  to 
the  Cylinder  of  Water  ax  2  IG,  is 
equal  to  the  Time  in  which  that 
Cylinder  of  Water  in  falling  in  va¬ 
cuo  by  the  cpnftant  Adion  of  its 
own  Weight  will  acquire  a  Velocity 
equal  to  that  with  which  the  Water 
flows  out,  that  is,  a  Velocity  equal 
to  V  5  and  from  an  Equality  of  the 
Times  of  the  Motions,  of  the  Quan¬ 
tities 
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tities  of  Matter  moved,  and  of  the 
Velocities,  the  Motions  of  the  ef¬ 
fluent  Water  and  of  the  defcending 
Cylinder  will  be  equal :  But  when 
two  Motions  are  equal,  the  Forces 
generating  thofe  Motions  are  equal : 
And  confequently,  the  Force  which 
can  generate  the  whole  Motion  of 
the  Water  flowing  out  through  the 
Hole,  is  equal  to  the  Weight  of  a 
Cylinder  of  Water  whofe  Magni¬ 
tude  is  ax  x  I G. 

Scholium. 

Since,  hy  this  Proportion,  the  V e~ 
locity  with  which  the  Water  flows 
through  the  Hole,  is  equal  to  the 
V elocity  which  a  Body  will  acquire 
by  failing  in  vacuo  through  a  Space 

equal  to  on  Suppofitionthat 

the  Water  defcends  down  the  Veflfel 
freely  and  without  Reflftance  5  we 

may, 
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may,  by  knowing  the  V elocity  ac¬ 
quired  by  a  heavy  Body  in  falling 
through  fuch  a  Space,  find  the  V e1- 
locity  with  which  the  W ater  flows 
out  through  the  Hole.  For,  ac¬ 
cording  to  Sir  Ifaac  Newton ,  a  Body 
falling  in  vacuo  near  the  Surface  of 
the  Earth  will  defcribe  193^  Inches 
or  1 Feet  in  one  Second  Minute 
of  Time,  and  will  have  acquired  a 
Velocity  in  the  Time  of  the  Fall, 
which  being  continued  uniform 
would  make  it  defcribe  twice  that 
Space,  that  is  386^  Inches  or  3  i~ 
Feet  in  one  Second :  But  uniform 
Velocities  are  as  the  Spaces  delcri- 
bed  by  them  in  one  Second,  and  the 
Velocities  acquired  in  falling  in 
vacuo  through  the  Spaces  id-  and 

A1— a7  are  t“e  htbduplicate  Ratio 

of  thofe  Spaces :  And  therefore  3 

.Vi  6~  : :  V.  5  whence  V  = 

8.02773 
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8.0x773/7^1^  Feet  =  $>6.33 ty6 

V  Inches.  This  is  the  V eio- 

city  with  which  the  Water  flows 
through  the  Hole,  fetting  afide  the 
Refiftance  of  the  Air,  and  fuppofing 
the  Water  to  defcend  down  the 
Veflel  freely  and  without  Refi¬ 
ftance. 

The  true  Velocity  with  which 
the  W ater  flows  out  through  the 
Hole,  will  be  had  by  applying  the 
Quantity  of  Water  difcharged  by 
Experiment,  to  the  Area  of  the  Hole 
and  Time  of  the  Difcharge  taken 
together  ;  that  is,  putting  Q_for  the 
Quantity  of  the  Difcharge  in  cubick 
Inches,  D  for  the  Diameter  of  the 
I  I ole  in  Inches  or  Parts  of  an  Inch, 
and  T  for  the  Time  of  the  Difcharge 

in  Seconds,  by  -gy^pf- 

N  ow  if  the  Water  defcend  freely 
and  without  Refiftance,  this  Mea- 

ftire 
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jfure  of  the  Velocity  will  be  equal  to 

the  former,  that  is, 

A*H  - 

=96.33276  /p_a« ;  whence  Qj=s 

75 '659 jrD*T  and, putting 

W  for  the  Weight  of  this  Bulk  of 

Water  in  Ounces  7nw,  W  =3 

AfeH 

39.93 1 44DTV  *  Butithas 

been  found  by  Experiments,  that  the 
Bulk  and  Weight  of  Water  dilcharg-* 
ed,  always  fall  confiderably  lhort  of 
what  they  ought  to  be  by  thefe 
Rules  |  Sir  Ifaac  Newton  found  them 
to  be  left  in  the  Proportion  of  441 
to  62  j}  or  of  1  to  V %  nearly  :  And 
therefore  Q,  and  W  muft  both  be 
lelfened  in  this  Proportion,  and 
then  we  (hall  have Qj=  67.97239 

and  W=  53.384x^5  D*T 


V- 


A1— a*> 
A’H 


A*— a'’ 


That 


€ 
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That  left  Water  flows  through 
the  Hole  in  a  given  Time,  than 
would  flow  through  it  if  the  Water 
defcended  down  the  V eflfel  without 
any  Refinance,  muft  he  owing  ei¬ 
ther  to  the  Water's  not  filling  the 
Hole  when  it  paflfes  through  it,  or 
to  its  palling  through  it  with  a  Ids 
Velodty  than  that  which  is  required 
in  falling  in  vacuo  through  a  Space 

equal  to  '  But  by  carefully 

obferving  the  Water  as  it  flows  out, 
I  find  that  it  fills  the  Hole  if  the 
Plate  in  which  the  Hole  is  made  be 
very  thin,  and  if  the  Plate  be  thick 
and  the  Hole  be  a  jfhort  Pipe,  that 
it  fills  the  inner  Orifice  of  the  Pipe 
which  is  contiguous  to  the  Water 
in  the  Velfel,  though  it  does  not  fill 
the  outer  Orifice  on  account  of  the 
Contraction  of  the  Vein,  which 
Contraction  extends  from  the  inner 
Orifice  of  the  Pipe,  which  is  to  be 

con- 
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confidered  as  the  Hole,  to  about 

the  Diftance  of  its  Diameter  :  And 

therefore  the  Water  pafles  through 

the  Hole  with  a  left  Velocity  than 

that  which  is  acquired  in  falling  in 

vacuo  through  a  Space  equal  to 
A*I~E  „  A 

-7.  It  pafles  through  the  Hole 

with  a  left  Velocity,  from  its  not 
defending  freely  and  without  Refi¬ 
ftance,  and  it  does  not  defccnd  free¬ 
ly  and  without  Refiftance  from  its 
moving  laterally  as  well  as  down¬ 
wards  throughout  its  Paflage  from 
the  upper  Orifice  to  the  Hole.  The 
lateral  Motion  of  the  Water,  or  the 
flowing  together  of  its  Parts  from 
all  Sides  of  the  Veflel  throughout 
its  whole  Defcent,  gives  a  Refiftance 
to  its  Motion  downwards,  and  that 
Refiftance  leflens  the  perpendicular 
Velocity,  and  makes  the  Quantity 
of  Water  difcharged  in  a  given 
Time  left  than  it  would  be  if  there 

C  x 


was 


E  2-0  ] 

was  bo  fucli  lateral  Motion,  but  the 
Water  defcended  only  perpendicu¬ 
larly  from  A  B  to  E  F. 

I  he  Velocity  therefore  with 
which  the  Water  flows  through  the 
Hole,  is  equal  to  the  Velocity  which 
a  heavy  Body  would  acquire  in  fal- 
ling  m  vacuo  through  a  Space  equal 

to  one  half  of  the  Space  For 

the  Velocity  with  which  the  Water 
flows  through  the  Hole,  is  to  the 
Velocity  acquired  in  falling  m  vacuo 

through  the  Space  -A__  as  1  £o 

y' 2,  from  Sir  Jfaac  Newton's  Expe¬ 
riments  :  But  from  the  Law  of  the 
Defcent  of  heavy  Bodies  in  vacuOy 

the  Velocity  acquired  in  falling 

A 2  H 

through  one  half  of  the  Space-^rr-v 

is  to  the  Velocity  acquired  in  falling 

through  the  whole  Space  as 

i  to  /z  :  And  therefore  the  Velo¬ 
city 
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city  with  which  the  Water  flows  thro8 
the  Hole  is  equal  to  the  Velocity  ac? 
quired  by  falling  in  vacuo  through 

one  half  of  the  Space 

The  true  Quantity  of  Water  dis¬ 
charged  will  likewife  be  had  by  fup- 
pofing  the  Velocity  with  which  the 
W  ater  flows  through  the'  Hole  to  be 
equal  to  that  which  a  heavy  Body 
will  acquire  in  falling  in  vacuo 

through  the  Space  ~_a,,  and  the 

Hole  to  be  conn  added  and  its  Area 

leffened  in  the  Proportion  of  441 
to  6 2  5  or  1  to  v 2.  for,  fincethe 
Quantity  of  Water  difeharged  is  as 
the  Velocity  with  which  the  Water 
flows  through  the  Hole,  the  Area 
of  the  Hole,  and  Time  of  the  Mo¬ 
tion  taken  together,  it  is  evident 
that  the  fame  Quantity  of  Water 
will  be  difeharged  in  a  given  Time, 
whether  the  Velocity  acquired  in 

falling 
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falling  in  vacuo  through  the  Space 
■~~r,  or  a  the  Area  of  the  Hole, 

A  —a  7  J 

be  ldfened  in  the  Proportion  of  i 
to  i/i.  Sir  Jfaac  Newton  found  the 
Area  of  a  tranfverie  SeCtion  of  the 
Vein  at  the  Diftance  of  about  a  Dia¬ 
meter  from  the  Hole,  to  be  lels  than 
the  Area  of  the  Hole  in  the  laid 
Proportion.  And  in  the  Determi¬ 
nation  of  this  Motion  he  liippoies 
the  Hole  to  be  contracted  in  that 
Proportion,  and  the  Velocity,  with 
which  the  Water  flows  through  it,  to 
be  equal  to  the  Velocity  in  the  con¬ 
tracted  Part  of  the  Vein,  that  is, 
equal  to  the  Velocity  which  a  heavy 
body  will  acquire  in  falling  in  vacuo 

\  %  J'  j 

through  G  I,  or  yrrz 

In  order  to  know,  whether  the 
Velocities  of  Water  flowing  through 
circular  Holes  of  different  Diame¬ 
ters  at  the  fame  perpendicular  Di¬ 
ftance 


[  *3  ] 

fiance  from  the  Surface  of  the  Wa  ¬ 
ter,  be  all  equal,  and  what  Relation 
the  Velocity  of  Water  flowing 
through  a  Hole  bears  to  the  Velo¬ 
city  of  Water  flowing  through  a 
Pipe  of  an  equal  Diameter  and  at  an 
equal  perpendicular  Diftance  from 
the  Surface  of  the  Water,  1  got  Mr. 
Stokesy  a  skilful  and  accurate  Ma¬ 
thematical  Inftrument  -  maker  in 
this  City,  to  make  a  very  exa£t 
apparatus  for  afcertaining  thefe 
Things  by  Experiments.  And  from 
the  Experiments  I  compofed  the 
two  following  Tables. 

The  firft  Table  contains,  in  the 
flrft  Column  the  Time  of  the  Dis¬ 
charge  in  Seconds,  in  the  fecond 
the  perpendicular  Heights  of  the 
Water  above  the  Hole  in  London 
Feet,  in  the  third  the  Diameters  of 
the  Holes  in  Parts  of  an  Inch,  in 
the  fourth  the  Weights  of  Water 
difcharged  in  Ounces  Troy,  and  in 
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the  fifth  the  V elocities  measured  by 
the  Weights  of  Water  difcharged 
apply’d  to  the  Squares  of  the  Dia¬ 
meters  of  the  Holes. 

By  this  Table,  the  Velocities  of 
Water  flowing  through  Holes  of 
different  Diameters,  and  at  the  fame 
perpendicular  Diftance  from  the 
Surface  of  the  Water,  are  all  nearly 
equal  j  only  the  Velocity  is  ever 

fome- 
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fomething  greater  through  a  final- 
ler  Hole  than  through  a  larger. 

The  fecond  Table  confifts  of 
three  Parts,  and  each  Part  of  three 
Columns.  The  firft  Column  of 
each  Part  contains  the  Diameter  of 
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the  Pipe  in  Parts  of  an  Inch,  the  fc~ 
cond  the  Lengths  of  the  Pipes  be¬ 
ginning  from  O,  that  is  from  an 
Hole,  and  the  third  the  V elocities 
exprefled  by  the  Weights  of  Water 
dilcharged  in  five  Seconds  of  Time. 
The  Holes  and  Pipes  were  all  at  the 

D  Diftance 
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Diftance  of  4  Feet  from  the  Surface 
of  the  Water,  and  the  Pipes  lay  all 
parallel  to  the  Horizon. 

By  this  Table,  the  Velocity  in- 
creates  from  the  Hole  till  the  Length 
of  the  Pipe  becomes  equal  to  about 
twice  its  Diameter,  that  is,  equal  to 
about  2  D,  and  is  greater  there  than 
at  any  other  Length  of  the  Pipe. 
The  greateft  Velocities  in  thete 
Pipes  in  Proportion  to  the  Veloci¬ 
ties  through  their  relpe&ive  Holes, 
which  Holes  may  be  confidered  as 
Pipes  of  infinitely  fmall  Lengths, 
are  as  the  Numbers  1130, 1215 
1258,  in  Proportion  to  1000: 
Whence  we  learn,  that  the  greateft 
Velocity  in  a  Pipe  in  Proportion  to 
the  Velocity  through  an  Hole  of  an 
equal  Diameter  and  at  an  equal  per¬ 
pendicular  Diftance  from  the  Sur¬ 
face  of  the  W ater,  is  fomething 
greater  in  a  wider  Pipe  than  in  a  nar¬ 
rower  one. 


From 
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From  the  Length  z  D,  the  Ye™ 
locity  leffens  continually  on  increa- 
fing  the  Length  of  the  Pipe,  and 
becomes  equal  to  the  V elocity  thro’ 
the  Hole,  when  the  Length  of  the 
Pipe  becomes  equal  to  15.71478 
D/D.  For  the  Velocities  through 
the  Pipes  were  nearly  equal  to  the 
Velocities  through  their  refpe&ive 
Holes,  when  the  Lengths  of  the 
Pipes  were  10  D,  16  D,  and  13  D, 
that  is,  2, 6.4,  and  1 8.4  Inches:  But 
2,  6. 4,  and  18.4,  are  nearly  in  the 
fefquiplicate  Ratios  of  the  Diame¬ 
ters  Td  and  -  :  And  therefore 
1 8 .4.  f0  x  Vto  : :  L .  D/D  j  whence  L 
=25.71478  Dv/D  nearly. 

From  five  times  that  Length  of  a 
Pipe  forward  at  which  the  V elocity 
is  equal  to  the  Velocity  through  an 
Hole  of  an  equal  Diameter,  that  is, 
from  the  Length  128.5739  D VD 
forward,  the  V elocity  will  be  mea- 
fured  nearly  by  the  inverfe  fubdupli- 

D  2  cate 
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cate  Ratio  of  the  Length  of  the 

Pipe  j  V  will  he  nearly  as  .  For, 

by  the  firft  Experiment,  Antm.  Oecon. 
p.  29,  the  Velocities  in  two  Pipes, 
whole  Lengths  were  2  Feet  and  8 
Feet,  and  whofe  common  Diameter 
was  ~~  Parts  of  an  inch,  were  near¬ 
ly  in  the  reciprocal  lubduplicate  R  a- 
tios  of  the  Lengths  of  the  Pipes : 
But  128.5739  Dv'P  is  nearly  equal 
to  2  Feet,  the  Length  of  the  {hott¬ 
er  Pipe  :  And  therefore  from  the 
Length  128.5739  D  vD  forward, 
the  V elocity  will  be  mealured  near¬ 
ly  by  the  reciprocal  lubduplicate  Ra¬ 
tio  of  the  Length  of  the  Pipe,-  V 

will  be  nearly  as  A  Hence  it 

follows,  that  from  the  Length 
128.5739  D  vD  forward,  the  Red¬ 
angle  under  the  Velocity  and  Iquare 
Root  of  the  Length  of  the  Pipe  will 
be  given  $  that  is,  V  v/L  will  be 

given, 
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given,  or  be  the  fame  in  Pipes  of 
Lengths  greater  than  1x8.5739 
D/D.  It  was  nearly  lo  in  Pipes  of 
half  an  Inch  in  Diameter,  and  of 
different  Lengths  from  a  Pipe  of 
4  Feet  in  Length  to  one  of  100, 
when  the  perpendicular  Height  of 
the  Water  in  the  Veffel  was  3  Feet. 
From  the  N ature  of  the  Motion  of 
Water  through  Pipes,  I  think  there 
rnuft  be  a  certain  Length  of  a  Pipe 
of  a  given  Diameter  beyond  which 

-Tji  does  not  meafure  the  Velocity j 

but  what  that  Length  is  I  cannot 
fay  for  want  of  Experiments. 

The  Reafon  why  this  Meafure  of 
the  Velocity  does  not  begin  to  ob¬ 
tain  till  the  Pipe  be  of  a  certain 
Length,  may  be  this.  The  lateral 
Motion  of  the  Water  defending  in 
the  V effel,  which  Motion  has  been 
fhewn  to  affect  and  difturb  the  Mo¬ 
tion  of  Water  flowing  through  a 

Hole, 
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Hole,  may  likewife  affeCt  and  difturb 
its  Motion  through  a  Pipe,  and  hin¬ 


der  from  being  an  accurate  Mea¬ 
iure  of  the  Velocity  till  the  Pipe 
comes  to  be  of  luch  a  Length,  that 
the  Refiftance  arifing  from  the 
Weight  of  Water  in  the  Pipe  and 
from  the  internal  Surface  of  the 
Pipe  can  in  a  good  meaiure  correct 
this  Difturbance  j  that  is,  till  it  comes 
to  be  of  the  Length  128.5739 
D/D.  And  if  this  be  the  Reafon 
why  this  Meaiure  ot  the  Velocity 
does  not  obtain  with  any  Accuracy, 
till  the  Pipe  comes  to  be  of  the 
Length  1x8.5739  DPD$  then  the 

Velocity  with  relped  to  in  Pipes 

exceeding  this  Length,  will  be  al¬ 
ways  fomething  greater  in  a  longer 
Pipe  than  in  a  ihorter  one  (becauie 
the  Correction  of  the  Difturbance 
is  greater  in  the  former  than  in  the 

latter) 
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latter)  as  I  have  always  found  it  to 
be  by  Experiments. 

This  may  luffice  concerning  the 
Motions  of  Water  through  Orifices 
and  Pipes.  I  (hall  now  proceed  to 
Dr.  Morgan’s  REMARK  S,  and 
{hall  {hew  that  they  have  all  been 
occafioned  by  his  not  having  duly 
attended  to  what  Sir  Jfaac  and  I  de¬ 
livered  concerning  thefe  Motions. 

In  p.  <58. 1.  4,  5.  the  Dodtor  lays 
that  F  will  ever  be  as  Ds  H,  whereas 
had  he  attended  to  Prop.  3  6.  lib.  2 . 
Newton,  he  would  have  feen  that  F 
will  never  be  as  D*  H,  but  when  the 
Area  of  the  Hole  is  infinitely  little 
in  comparifon  of  the  Area  of  the 
Surface  of  the  Water  in  the  Veffel, 
and  the  Pipe  lies  parallel  to  the  Ho¬ 
rizon.  For  I  have  {hewn  from  that 
Propofitmiy  that  the  Force  which 
can  generate  the  Motion  of  Water 
flowing  through  a  Hole,  is  ecpal  to 
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the  Weight  of  a  Cylinder  of  Water 
whofe  Magnitude  is  ax  I G,  or  ax 

A^sT1 '  ®ut  t^1*s  F°rce  is  evidently 

equal  to  the  Force,  which  generates 
the  Motion  of  Water  flowing  thro’ 
a  Pipe  lying  parallel  to  the  Horizon, 
of  an  equal  Diameter  with  the  Hole, 
and  inlerted  into  the  infide  of  the 
VeflTel  at  an  equal  perpendicular 
Diftance  from  the  Surface  of  the 
Water. 

i.  The  Doctor  fuppoles  D  and 
H  to  be  given,  and  confequently 
the  moving  Force,  which  is  as 
D"  H,  to  be  given  ■,  in  which  Cale 

V  will  be  meafured  by  and  then 

affirms,  that  if  L  be  infinitely  fmal l, 

V  mufi  be  infinitely  great ,  and  if  L 
be  infinitely  great,  V  'will  be  infinite¬ 
ly  fmall.  Here  I  muft  acquaint  this 
Author,  that  it  by  no  means  follows 
from  L  being  infinitely  fmall,  that 

V  muft 
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V  muft  be  infinitely  great,  any  more 
than  it  follows  from  a  Body’s  being 
ing  divifible  tn  infinitum ,  that  the 
Magnitude  of  that  Body  muft  be  in¬ 
finite.  A  finite  Body  will  be  infi¬ 
nitely  great  with  rcfpedt  to  any  of 
its  Particles,  when  it  is  divided  or  jfup- 
pofed  to  be  divided  in  infinitum  j 
and  a  finite  V elocity  of  W ater  flow¬ 
ing  through  a  Hole,  which  may  be 
considered  as  an  infinitely  Short 
Pipe,  will  be  infinitely  great  with 
refpedt  to  the  Velocity  of  Water 
flowing  through  a  Pipe  infinitely 
long :  And  yet  it  is  evident  that  nei¬ 
ther  the  Body  nor  the  Velocity 
through  the  Hole  is  infinife.  Small 
and  great,  infinitely  final  1  and  infi¬ 
nitely  great,  are  Terms  including  a 
Companion  of  Things  with  one 
another  j  thus  a  Thing  is  called 
fmall  in  companion  of  a  Thing  of 
the  fame  Kind  which  is  great,  and 
infinitely  fraall  in  comparifon  of  a 

B  Thing 
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Thing  which  is  infinitely  great ;  a 
Hole  is  a  Pipe  of  an  infinitely  fmall 
Length,  in  companion  of  a  Pipe 
infinitely  long.  And  therefore, 

fince  V  is  as  the  Velocity  of 

Water  flowing  thro’  an  Hole  will 
be  infinitely  greater  than  the  Velo  ¬ 
city  of  Water  flowing  thro3  an 
infinitely  long  Pipe,  tho’  in  reality 
the  Velocity  thro’  the  Hole  be 
finite,  and  no  greater  than  the  Ve¬ 
locity  acquired  in  falling  in  vacuo 

thro  a-— a’- 

i.  The  Dodtor,  p.  69 ,  fuppofes  D 
to  be  given ,  and  H  to  be  propor¬ 
tional  to  L ;  in  'which  Cafe  the  Ve¬ 
locity  thro ’  the  Pipe  will  be  given. 
However  Pcrange  and  abfurd  this 
may  appear  to  this  Gentleman,  I 
can  allure  him  I  have  found  it  to  be 
true  by  Experiments.  Two  Pipes 
of  the  lame  Diameter,  whofe 

Lengths 
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Lengths  were  8  Feet  and  i  Feet, 
placed  at  the  Diftances  of  4  Feet 
and  1  Foot  from  the  Surface  of  the 
Water,  dilcharged  97  and  83  Troy 
Ounces  of  Water  in  half  a  Minute. 
The  Quantity  difcharged  by  the 
fhorter  Pipe  was  fomething  lefs  than 
the  Quantity  difcharged  by  the 
longer,  which  was  owing  to  the 
Difturbance  arifing  from  the  lateral 
Motion  of  the  Water  defcending 
in  the  Velfel,  which  is  ever  greater 
in  a  fhorter  Pipe  than  in  a  longer, 
and  at  a  lefs  Diftance  from  the  Sur¬ 
face  of  the  Water  than  at  a  greater. 
3.  In  his  third  Confequence,  p. 

70,  drawn  from  V  being  as  V  >  - , 

this  Author  fuppofes  L  to  be  given , 

and  D  to  be  as  •  m  which  Cafe 

the  {Telocity  will  be  given.  He  thinks 
this  very  abfurd,  as  I  gather  from 
his  fifth  Confequence,  in  which  he 

E  1  fays 
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fays  exprefly,  that  D  and  L  have  no¬ 
thing  to  do  in  the  Matter ,  and  cannot 
alter  the  Velocities  at  all.  But  in 
this  he  is  greatly  miflaken  ■  for  both 
the  Diameter  and  Length  of  a  Pipe 
affedt  the  Motion  of  Water  moving 
thro’  it,  and  are  necelfanly  to  be 
taken  into  the  Meafure  of  the  Velo¬ 
city,  as  fully  appears  from  the  firft 
and  fecond  Experiments  in  the  Proof 
of  Prop,  i .  Amm.  Oecon.  And  I  fhall 
now  drew  by  an  Experiment,  that 
the  Velocity  of  Water  flowing  thro’ 
a  Pipe  of  a  given  Length  is  nearly 
the  fame,  when  the  Diameter  of  the 
Pipe  is  inverfly  as  its  perpendi¬ 
cular  Diftance  from  the  Surface  of 
the  Water ;  that  is,  V  will  he 

given,  when  D  is  as  -ft.  Two  Pipes, 

of  the  fame  Length,  whole  Diame¬ 
ters  were  i  and  2,  placed  at  the  Di 
fiances  of  2  and  1  from  the  Surface 
of  the  Water,  difcharged  <58  and 
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io  Ounces  of  Water  in  half  a  Mi¬ 
nute.  The  Velocities  from  thefe 
Difcharges  were  as  the  Numbers  1 7 
and  20.  The  firft  Velocity  was 
fomething  lefs  than  the  lecond  5  be- 
caufe  the  firft  Pipe  was  wider  and 
nearer  to  the  Surface  of  the  Water 
than  the  fecond,  and  conlequently 
the  Difturbance  given  to  the  Mo- 
tion  thro3  the  firft,  was  greater  than 
the  Difturbance  given  to  the  Mo¬ 
tion  thro3  the  lecond. 

4.  In  his  fourth  Conlequence,  p. 
70,  he  fuppofes  H  and  L  to  be  given  - 
in  which  Cafe  the  [Velocity  will  be  as 
VD.  However  abfurd  this  Conle¬ 
quence  may  appear  to  the  Dodtor, 
1  have  proved  it  true  by  the  fecond 
Experiment  in  the  Proof  of  Prop. 
1 .  Amm.  Oecon.  to  which  I  refer  him. 

5.  In  his  fifth  and  laft  Confe- 
quence,  p.  70,  he  luppoles  D  and 
L  to  be  given  •  m  which  Cafe  V  will 
be  as  v'H.  This  he  allows  to  be 

true. 
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true,  and  lays  it  is  the  true  Law  of 
accelerating  Gravity  and  Prejfure  as 
determined  by  Newton.  But  in  this 
he  is  miftaken.  For  V  is  not  as 
v'H  according  to  Newton ,  but  as 

V-A,_  aT,  by  Cor.  1,  or  the  forego¬ 
ing  Proportion. 

The  Do<5tor  proceeds  to  Ihew  the 
Ablurdity  of  what  I  alferted  in  my 
Animal  Oeconomy  from  Sir  Ifaac 
Newton ,  and  have  demonftrated  in 
the  foregoing  Propofition ,  namely, 
that  the  Velocity  of  Water  flow¬ 
ing  thro’  a  Hole  is  equal  to  the  Ve¬ 
locity  acquired  by  a  heavy  Body  in 

falling  in  vacuo  through  the  Space 
A*  H 
A*— a*" 

1.  If  this  be  the  Space ,  p.  71,72, 
through  which  a  heavy  Body  mujl 
fall  in  vacuo  to  acquire  a  Velocity 
equal  to  the  Velocity  with  which 

the  Water  flows  through  the  Hole , 

A*H 

then  V  will  be  as  V  v,— a7.  Now  upon 

this 
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this  Suppofition,  let  the  differential 
Quantity  A1— a'  be  infinitely  fmall, 
or  let  a  be  only  not  equal  to  A,  and 

then  the  ExpreJJion  will  be  in¬ 

finitely  great-,  and  confequently  the 
Space  defer ibed,  as  well  as  the  Velo- 
aty  acquired,  zvill  be  infinite,  where 
the  perpendicular  Prejfure  or  Height 
of  the  Fluid  is  only  fnite  and  given  ■ 
or  which  is  the  fame  thing,  the  Spaces 
deferibed  and  the  Velocities  acquired, 
will  be  fnite  and  infinite  at  the  fame 
Time  and from  the  fame  Caufes.  Here 
again  the  Do&or  is  greatly  miftaken. 
For  by  the  third  Corollary  of  the  pre¬ 
ceding  Propofition,  (which  Propofi- 
tion  is  a  plain  and  obvious  Conle- 
quence  of  Prop.  3  6.  lib.  t .  Newton.) 
when  a  is  equal  to  A,  the  Space  de¬ 
feribed  and  Velocity  are  fo  far  from 
being  infinite,  that  both  will  be 
nothing.  His  Miftake  here  arole 
from  his  not  knowing  that  when  a 
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is  equal  to  A,  H  will  be  nothing,  by 
Cor .  i. 

2.  The  Doctor  goes  on  to  (hew 
the  Abliirdity  of  my  Affertion  in  the 
following  W ords,  p.  72.  Let  the  dif¬ 
ferential  A* — a""  be  infinitely  fmall  but 
negative ,  and  then  the  Expreffon 

voill  be  negative ,  but  infinite 

f  ill  j  the  Confequence  of  which  mufl 
be ,  that  the  Fluid  in  this  Cafe  cannot 
defend  and  flotv  thro ’  the  Or  fee  a  at 
all  1  but  on  the  contrary  mufl  afcend 
perpendicularly ,  and  flow  upwards 
with  an  infnite  Lzelocity ,  in  a  Di¬ 
re  chon  quite  contrary  to  that  of  Gra¬ 
vity.  Here  likewife  the  DoCtor  is  mi- 
ftaken.  For  when  a  is  greater  than 
A,  H  will  be  negative,  and  V  affir¬ 
mative,  by  Cor.  4.  And  when  H  is 
negative  the  Veffel  muft  be  invert¬ 
ed,  or  turned  with  its  Bottom  up¬ 
wards,  which  being  done  this  Ob¬ 
jection  will  vanifh,  by  Cor.  4. 

Having 
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Having  fhewn  the  Weaknefs  of 
the  Doctor’s  Remarks  on  my  firft 
Propofition ,  I  fit  all  beg  leave,  before 
I  anfvver  his  Remarks  on  my  24th 
Propofition ,  to  give  a  Demonftra- 
tion  of  the  Law  of  the  Blood’s  Mo¬ 
tion,  exhibited  in  Prop.  12,  inde¬ 
pendent  of  my  firft  Section  concern¬ 
ing  the  Motion  of  Fluids  thro’  cy¬ 
lindrical  Pipes  •  becaule  this  Author 
feems  to  think,  that  all  the  mathe¬ 
matical  Part  of  my  Book  depends  on 
the  Truth  of  that  Section. 


Proposition  II. 

IF  two  healthful  and  perfe&ly  well- 
proportion'd  Bodies  be  fituated  a~ 
like  with  refpeB  to  the  Horizon ,  if  their 
Hearts  be  free  from  the  Influences  of 
all  diflurbing  Caufes ,  and  the  Capa¬ 
cities  of  the  two  correfponding  Hen¬ 
'll  tricks 
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tricks  be  proportional  to  the  Capacities 
of  the  two  whole  Syfiems  of  Blood - 
veffels  or  of  any  two  correfpondmg 
Blood-veffels ,  and  if  the  Numbers  of 
their  Pulfes  in  a  given  Time  be  m- 
verfly  as  the  Times  of  two  Sy foies  of 
their  Hearts j  the  [Velocities  of  their 
Blood  in  two  correfpondmg  Blood- 
veffels  will  be  m  the  fubduplicate  Ra¬ 
tio  of  the  Diameters  of  the  Veffels , 
that  is ,  putting  V,  v  for  the  Veloci¬ 
ties ,  and  D,  d  for  the  Diameters  of 
the  Vt effehy  V.  v  : :  v'D .  vd. 

For  the  V elocities  in  any  two 
Blood-veffels,  and  confequently  in 
two  correfpondmg  Blood-veffels,  of 
the  two  Bodies,  are  as  the  Quanti¬ 
ties  of  Blood  which  flow  into  thofe 
Veffels  in  two  Syftoles  of  their 
Hearts,  apply’d  to  the  Squares  of 
the  Diameters  of  the  Veffels  and  the 
Times  of  the  two  Syftoles  taken  to¬ 
gether  and  the  Quantities  of  Blood 

which 
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which  flow  into  the  V effels  in  two 
Syftoles,  are  as  the  Capacities  of  the 
correfponding  Ventricles  of  the 
Hearts,  becaufe  the  Hearts  are  fup- 
pofed  to  be  free  from  the  Influences 
of  all  difturbing  Caufes,  and  the 
Bodies  to  be  fituated  alike  with  re- 
fpedt  to  the  Horizon  j  and  there¬ 
fore,  putting  L,  1  for  the  Lengths  of 
two  correfponding  Blood-veffels,  or 
for  the  Lengths  of  the  two  Bodies, 
to  which  the  Lengths  of  correfpond¬ 
ing  Blood-veffels  are  ever  propor¬ 
tional  in  perfectly  well-proportion’d 
Bodies,  andT,  t  for  the  Times  of 

two  Syftoles,  we  fhall  have  V .  v :  : 
D’L  d*l  L  I  „  .  c  r 

D*T  •  d7!  : :  T  *  T:  ^Ut  bY  Suppofl- 

tion  P .  p  : :  ~ .  ~  :  And  therefore 


V.  v  ::  LP.  Ip. 

By  obferving  the  Pulfes  of  health¬ 
ful  Bodies  of  different  Lengths  in 
the  Morning  when  they  were  fit— 

F  i  ting, 
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ting,  I  have  found  that  the  mean 
Numbers  of  Pulfes  in  a  Minute  of 
Bodies  of  any  two  different  Lengths, 
each  Mean  being  taken  from  the 
Pulfes  of  a  Number  of  Bodies  of 
each  Length,  are  very  nearly  as 

S  I 

jj.  and  ji :  But  the  mean  Numbers 

of  Pulfes  in  a  Minute  of  Bodies  of 
thofe  two  Lengths,  are  the  true 
Pulfes  of  two  healthful  and  perfectly 
well-proportion’dBodiesiAnd  there- 

i  i 

foreP  •  P : :  x3  •  If- 

And  by  comparing  the  Diame¬ 
ters  of  the  Aorta  of  Bodies  of  diffe¬ 
rent  Lengths  with  the  Lengths  of 
the  Bodies,  as  far  as  1  can  judge 
from  the  few  Experiments  I  made, 
the  Diameters  are  nearly  in  the  fab- 
duplicate  Ratios  of  the  Lengths : 
But  the  mean  Diameters  of  the  Aor¬ 
ta  of  Bodies  of  two  different  Lengths, 
each  Mean  being  taken  from  the 

Dia- 
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Diameters  of  this  Velfel  of  a  Num¬ 
ber  of  Bodies  of  each  Length,  are 
the  true  Diameters  of  the  Aorta  of 
two  healthful  and  perfectly  well-pro- 
portion’d  Bodies  of  thole  Lengths : 
And  therefore  D  .  d : :  yL .  Ay  and 

v'D.  vd\:  L*.  ll 

And  therefore  in  the  Analogy 
V.  v  ::  LP  .  Ip,  if  in  Head  ofP  and 
p,  be  fubftituted  the  Quantities 

%  I 

jj  and  "j|  proportional  to  them,  we 

{hall  have  V .  v : :  L\  1%-  and  lince 

L* .  1+  ; i/D  .  V d,  we  lhall  have 
V .  v  : :  v'D .  /d.  Which  was  to  be 
proved. 

This  Propofition  may  be  exprels’d 
generally,  by  luppoling  P  .  p  ;  : 

X  1  11 

j  m  *  jmj  and  D  .  d  : ;  Ln,  iR#  For 

i — m 

then  V .  v  : :  U~m.  ll~m  ; :  D  ~ . 

i — m 

d  n  .  Hence,  if  hereafter  it  lhall 

be 
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be  found  by  a  larger  Experience, 
that  the  Meafures  of  the  Pulfes  and 
Diameters  of  corrcfponding  Blood- 
veflels  are  different  from  thofe  af- 
figned  in  this  Proportion,  the  Pro¬ 
portions  of  the  Y elocities  in  health¬ 
ful  and  perfectly  well-proportion’d 
Bodies  of  different  Lengths,  may 
be  known. 

For  Inftance,  if  it  fhall  be  found 
that  m  inftead  of  being  equal  to  -  is 
equal  to  and  that  n  is  7  as  I  have 
made  it ;  then  V.  v  : :  vL .  vl : :  D.  d. 
And  if  it  fhall  be  found,  that  m  is 

H  t 

4  and  n  4,  then  V  .  v  : :  LT .  1T  : : 

5  *  * 

2  £ 

Df .  d\  The  Proportions  of  the 
Pulfes  and  Diameters  of  correfpond- 
ing  Blood-veffels  delivered  from  Ex¬ 
periments  in  this  Proportion,  are,  as 
far  as  I  can  judge,  intirely  agreeable 
to  the  Phenomena,  and  therefore  I 
fhall  retain  them  till  a  larger  Expe¬ 
rience  fhall  fhew  that  they  are  not 
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the  Proportions  which  obtain  in 
N  ature. 


I  now  come  to  confider  the  Doc¬ 
tor’s  Remarks  on  my  24th  Propoft- 
tion,  which  Propofition  hands  thus. 


THE  Life  of  Animals  is  preferved 
by  acid  Parts  of  the  Air  mixing 
with  the  Blood  in  the  Lungs ■,  which 
Parts  dijfolve  or  attenuate  the  Blood, 
and  preferve  its  Heat,  and  by  both 
thefe  keep  up  the  Motion  of  the  Heart . 


I  proved  this  Propofition  from  a 
Series  of  Experiments  taken  from  Sir 
Ifaac  Newton,  Dr.  Hook,  Dr.  Lower , 
and  others.  And  the  Manner  in 
which  I  proved  it  was  this. 

From  Experiments  I  proved  firfi, 
that  a  constant  Supply  of  frefh  Air  is 
necelfary  to  preferve  the  Life  of  Ani¬ 
mals  j  fecondly,  that  frefh  Air  pre- 
ferves  Life  in  Animals  by  the  very 

fame 
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fame  Power,  or  by  the  Operation 
of  the  very  lame  Parts,  whereby  it 
preferves  Fire  and  Flame  in  fulphu- 
reous  and  undtuous  Subftances  when 
once  they  are  kindled and  thirdly, 
that  Air  preferves  Fire  and  Flame  in 
fulphureous  and  undtuous  Subftances 
when  once  they  are  kindled,  and 
confequently  the  Life  of  Animals, 
by  its  acid  Particles.  Had  this  Au¬ 
thor  attended  to  the  Experiments 
from  which  I  proved  the  fecond  and 
third  Particulars,  he  could  not  but 
have  feen  that  they  were  jultly  pro¬ 
ved.  For,  fince  Animals  die  in  Air 
rendered  effete  by  burning  Coals  or 
Candles  in  it  till  they  are  extinguilh- 
ed,  and  glowing  Coals  or  Candles 
are  extinguilhed  in  Air  rendered  ef¬ 
fete  by  Animals  breathing  in  it  till 
they  die  3  it  clearly  follows,  that 
Air  preferves  Fire  and  Flame,  and 
the  Life  of  A  nimals,  by  the  fame 
Power,  or  by  the  Operation  of  the 
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fame  Parts  :  And,  fince  Fire  and 
Flame  can  be  produced  without  Air 
by  mixing  compound  Spirit  of  Nitre, 
which  is  an  Acid,  in  a  certain  Pro¬ 
portion  with  fome  Oils  m  vacuo ,  and 
can  be  preferved  without  Air  in  a 
Mixture  of  common  Sulphur  and 
Nitre  powdered  when  once  it  is 
kindled,  it  follows  that  Air  pre- 
lerves  Fire  and  Flame  in  fulphure- 
ous  and  unduous  Subftances  when 
once  they  are  kindled,  and  the  Life 
of  Animals,  by  means  of  its  acid 
Particles.  There  is  no  way  of  pro¬ 
ving  this  Inference  to  be  falfe,  but 
by  proving  that  there  are  no 
acid  Particles  in  the  Air.  But  the 
Air  abounds  with  fuch  Particles,  as 
appears  from  the  Nitre,  which  is 
found  flicking  to  the  Sides  of  plaif- 
tered  Walls,  and  to  the  Mortar  be¬ 
tween  the  Bricks  of  Brick  Walls, 
which  are  defended  from  the  Rain 
which  would  dilfolve  it,  and  from 

G  the 
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the  Sun  which  would  rarefy  it  and 
caule  it  to  be  exhaled  into  the  Air. 
For  Sir  Ifaac  Newton  has  proved 
from  Experiments,  that  Salts  are 
compoled  of  Acid  and  Earth  united 
by  Attra&ion  :  Whence  it  follows, 
that  the  Formation  of  Nitre  on  the 
Sides  of  plaiftered  W alls  and  on  the 
Mortar  of  Brick  Walls  defended 
from  Rain  and  Sun,  mull  be  owing 
to  acid  Parts  of  the  Air  uni¬ 
ting  with  the  earthy  afcalious  Parts 
of  the  Lime,  by  the  ftrong  Attrac¬ 
tion  which  intercedes  them  :  And 
therefore  the  Air  abounds  with 
acid  Particles. 

The  third  Particular  proved  by 
Experiments  entirely  agrees  with  Sir 
Ifaac  Newton's  Realoning  from  the 
lame  Experiments,  which  I  lhall  fet 
down  in  his  own  Words.  “  Alio 
“  feme  fulphureous  Steams,  at  all 
,L  Times  when  the  Earth  is  dry, 
“  alcending  into  the  Air,  ferment 

“  there 
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<(  there  with  nitrous  Acids,  and 
“  fometimes  taking  Fire ,  caufe 
“  Lightning  and  I  hunder  and 
“  fiery  Meteors.  For  the  Air  a- 
<c  bounds  with  acid  Vapours  fit  to 
<£  promote  Fermentations,  as  ap- 
<c  pears  by  the  rufting  of  Iron  and 
“  Copper  in  it,  the  kindling  of 
<c  Fire  by  blowing,  and  the  beat- 
“  ing  of  the  Heart  by  means  of 

“  Refpiration.”  Opt,  p.  3  j  - • 

<c  And  the  Caufe  of  Fermentation, 
<c  which  is  an  Acid ,  by  which  the 
c<  Heart  and  Blood  of  Animals  are 
“  kept  in  perpetual  Motion  and 
“  Heat.”  Opt. p.  375. 

But  this  Author  fays,  p.  7  y.  5'7/r 
-well  known ,  that  all  Fluids,  Acids  as 
well  as  others ,  excepting  Oil,  will  ex¬ 
tinguish  Fire,  and  that  there  is  no¬ 
thing  m  Nature  but  Oil  that  Fire  can 
feed  upon ;  for  when  the  volatile  and 
fixed  Oil  of  any  combujhble  Subfiance 
is  confumed  and  evaporated,  the  Fire 

G  2  can 
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can  aB  no  longer  upon  what  remains, 
how  much  fioever  it  may  be  affified 
and  fit p ply  d  with  Air  :  Acids  will 
check  and  extinguifh  Fire  fiooner  than 
common  Water ,  and  any  acid  Va¬ 
pour  in  the  Air  is  more  fuff o  cat  mg  and 
deflruBive  than  any  common  watry 
Vapour  and  Fume.  I  grant  that  Fire 
andFlame  cannot  lubfift  without  oily 
and  fulphurcous  Particles,  neither 
can  they  lubhft  without  an  Acid;  for 
there  was  an  Acid  in  all  the  Mixtures 
of  the  Experiments  under  the  third 
Head :  So  that  by  thofe  Experiments 
both  an  Acid  and  an  Oil  are  neceifa- 
ry  to  the  Production  and  Prefervati- 
pn  of  Fire  and  Flame.  But  to  go  on, 
lie  fays,  that  all  Fluids ,  Acids  as  well 
as  others ,  except  Oil,  will  extinguifh 
Fire.-  —And  that  Acids  will  check  and 
fxtmgiiijh  Fire  Jooner  than  common 
Water.  And  what  then  ?  will  it  from 
thence  follow,  that  a  nitrous  Acid 
cannot  when  mix’d  with  fome  Oils 

ia 


[  J3  1 

jn  a  certain  Proportion  produce  Fire 
and  Flame  ?  By  no  means.  For  it 
has  been  found  by  Experiments,  that 
if  two  Parts  of  compound  Spirit  of 
Nitre  be  poured  on  one  Part  of  Oil 
of  Cloves  or  Caraway  Seeds,  or  of 
any  ponderous  Oil  of  vegetable  or 
animal  Subftances,  and  particularly 
Oil  of  human  Blood,  or  Oil  of  Tur¬ 
pentine  thickened  with  a  little  Bal- 
lam  of  Sulphur,  the  Liquors  grow 
fo  very  hot  in  mixing,  as  prelently 
to  fend  up  a  burning  Flame.  Opt . 
Newt.  p.  353.  Phil.  Tranf.  N.  213. 
p.  200.  And  therefore,  this  acid 
Spirit  muft  be  allow’d  to  have  a 
Power  of  producing  Heat  and  Flame 
when  mixed  with  certain  oily  and 
lulphureous  Subftances  in  a  certain 
Proportion  :  And  fo  likewile  may 
the  nitrous  Acid  of  the  Air  have  a 
Power  of  prelerving  Fire  and  Flame 
in  lulphureous  and  unctuous  Sub¬ 
ftances  when  kindled,  and  of  keep- 
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ing  up  a  gentle  Heat  in  the  Blood  of 
Animals  by  mixing  with  it  in  the 
Lungs,  and  fermenting  with  its  oily 
Parts;  and  that  in  fadt  it  does  fo, 
the  Experiments  by  me  alledged 
have  fully  proved. 

And  I  am  ftill  farther  convinced 
of  the  Neceflity  of  allowing  an  Acid 
in  the  Air  to  preferve  the  Life  of 
Animals,  when  1  confider  the  In- 
iufficiency  of  all  other  Accounts 
of  Refpiration.  As  to  the  Ufe  af- 
fignedto  theAirby  this  Gentleman, 
namely,  that  it  ferves  as  a  proper  ex¬ 
haling  Medium  to  receive  and  carry 
off  thofe  copious  Difcharges  of  humid 
Effluvia  or  moifi  Vapour ,  which  all 
living  Creatures ,  and  all  combufhhle 
Matter  under  the  ABion  of  Fire,  are 
inceffantly  emitting  and  throwing  out  •, 
I  mult  beg  leave  to  tell  him,  that 
this  is  an  old  trite  Hypothecs,  with¬ 
out  any  the  lead:  Foundation  from 
Reafon  and  Experiments.  For  V a- 

pours 
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pours  andExhalations  are  not  thrown 
off  from  humid  Bodies  by  any  Vir¬ 
tue  in  the  Air,  but  by  the  repul  five 
Powers  of  their  Particles,  when  by 
the  Action  of  Heat,  they  are  once 
feparated  from  the  Bodies,  and  are 
got  beyond  the  Spheres  of  their  At¬ 
tractions  and  of  the  Attractions  of 
one  another.  For  this  repulfive 
Power  will  carry  off  the  feparated 
Particles,  as  well  in  vacuo  as  in  the 
open  Air. 

I  could  have  wifh’d  Dr.  Morgan 
had  confidered  my  Animal 0 economy 
with  a  little  more  Temper  as  well 
as  Care,  and  then  I  am  fatisfied  he 
would  have  faved  both  himfelf  and 
me  fome  Trouble.  It  is  however 
fome  Satisfaction  to  me,  that  he  has 
given  me  an  Opportunity  of  pub- 
lickly  declaring  my  felf, 

Sir ,  Tour  moji  Obliged, 
July  it.  173 f.  Humble  Servant, 

Bryan  Robinson. 

F  1  N  I  S 
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for  infide  r.  Side.  £&</.  /.  u.  for  Water.  tv 
i  W ater  :  And  therefore  the  Force  generating. 

the  Motion  of  Water  flowing  through  a  Pipe  is 
,  equal  to  the  Weight  of  a  Cylinder  of  Water 
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However  I  will  grant 


that  F  is  ever  as  D2H5  and  accordingly  consi¬ 
der  the  Confequences  he  draws  from  it.  p.  3  5. 
;  L'$.  cieL  ing.  p.  50./.  12.  for  afcalious  r.  alcar 
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